Abstract-Acoustic wave fields in a thin-film bulk acoustic wave resonator are studied using a heterodyne laser interferometer. The measurement area is extended outside the active electrode region of the resonator, so that wave fields in both the active and surrounding regions can be characterized. At frequencies at which the region surrounding the resonator does not support laterally propagating acoustic waves, the analysis of the measurement data shows exponentially decaying amplitude fields outside the active resonator area, as suggested by theory. The magnitude of the imaginary wave vectors is determined by fitting an exponential function to the measured amplitude data, and thereby the experimentally determined dispersion diagram is extended into the region of imaginary wave numbers.
T hin-film BaW resonators are widely used in modern mobile communications systems. Their high Qvalue at gigahertz frequencies, bandwidth, temperature stability, and power durability, combined with a small size, allow one to realize filters that fulfill the demanding specifications for today's wireless applications. To obtain a low-loss, high-performance resonator, the acoustic energy must be trapped in the resonator both in the vertical and lateral directions. The vertical energy trapping can be achieved with a thin-film layer stack, an acoustic Bragg reflector. The energy trapping in the lateral direction can be realized by tailoring the plate wave dispersion properties such that the region surrounding the resonator does not support propagative wave modes near the operational frequency range of the resonator. The dispersion properties can be tailored with the design of the thin-film layer stack [1] . Because the propagation properties of the plate waves are central to the operation of thin-film BaW resonators, experimental verification and feedback of the simulated plate-wave dispersion properties is of considerable value.
optical probing has proven to be an effective, non-contact technique for characterizing surface vibration fields in microacoustic components [2] - [8] . Using scanning laser interferometry, one can measure wave fields with sub-micrometer lateral resolution and with a minimum detectable vibration amplitude of less than a picometer. The method allows one to characterize the wave motion at a frequency :of interest, and by measuring the wave fields in a range of frequencies, one can apply Fourier transform methods to the data to calculate the dispersion diagram for the layer stack. The diagram represents a modal decomposition of the wave field as a function of the lateral wave vector | k || | and frequency f, and thereby describes the plate wave propagation properties in the region under study, typically in the active area of the resonator (see, e.g., [3] , [9] , [10] ). Furthermore, for a more complete characterization, the dispersion diagram of the (sourceless) outside region can be obtained by properly choosing the region of interest [11] . The ability to determine the dispersion properties of both the resonator and the surrounding region allows one to experimentally determine the frequency range of the lateral energy trapping in the resonator. It would be desirable to be able to extend the characterization further to include the dispersion of nonpropagating (evanescent) waves. Knowledge of the evanescent wave properties outside the resonator is crucial, for example, for designing the resonator boundary structures to facilitate suppression of spurious resonances [12] , and in the design of laterally acoustically coupled resonator filters [13] , for which the evanescent waves in the region between the resonators dictates the coupling between input and output.
In this letter, we demonstrate the extension of the dispersion measurement capabilities of scanning laser interferometry into characterization of evanescent waves, or imaginary wave-vectors, in the region outside of the resonator.
Extraction of the evanescent wave dispersion properties is demonstrated here for a solidly-mounted BaW resonator based on a piezoelectric aln thin-film and operating at 1.8 Ghz. The sample is described in more detail in [14] . Even when the outside region does not support propagative wave modes, the displacement in the resonator area induces vibrations into the surrounding medium; however, their amplitudes decay exponentially with increasing distance from the resonator boundary.
Three examples of the measured amplitude fields are shown in the upper part of Fig. 1 . The amplitude line profiles extracted from these data along the marked black lines (along the x-axis) are presented in Fig. 1(a) as a function of distance outwards from the resonator edge. They are plotted in linear scale and as normalized to 1 for visualization purposes.
To extract the lateral wave number, k x , of the evanescent wave along the line in the x-direction, we fit an exponential function [see inset in Fig. 1(a) ] to the measured amplitude profiles. The fitting results are plotted with a solid red line for all three cases. The extracted magnitudes of the imaginary wave numbers | k x | are plotted in the dispersion diagram, Fig. 1(b) , with crosses. In the diagram, the positive x-axis corresponds to propagating waves with lateral wave number | k || |, and the left-hand-side of the frequency axis to imaginary wave numbers. The dispersion curves for the active resonator area are plotted with colors ranging from blue to red, and the dispersion curves for the surrounding region are superposed onto the diagram with shades of gray. Extraction of the imaginary k x values below and slightly above the series resonance frequency of the resonator [shaded area in Fig. 1(b) ] is challenging both because of the small amplitudes outside the resonator and because of other wave modes causing standing waves in the surrounding region. despite the difficulties, the acquired data points give a clear indication of the shape of the dispersion curve for the evanescent wave branch. The results show that optical measurements can be used to characterize the properties of evanescent waves outside a BaW resonator. This method extends the possibilities for characterizing acoustic wave devices, enabling us to gain valuable insight into resonator physics as well as providing information for component design and modeling. references
